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INTRODUCTION 
The cabbage maggot, Hylemya brassicae (Wiedemann), is an economi¬ 
cally important pest of cruciferous vegetables. Conventional management 
of this insect is based upon insecticidal applications on a scheduled 
basis. Previous research has demonstrated that proper timing of manage¬ 
ment strategies was of critical importance. The research presented here 
involved a two-step approach to aid in timing management strateaies. 
The first step, discussed in Chapter I, was to monitor relative 
activity of the adult fly in Massachusetts over the growing season. Two 
trap types were tested and evaluated. Particular attention was paid to 
the female fly population and the level of reproductive development. 
Knowing when a majority of females are gravid may be more valuable than 
knowing when female flies are abundant. 
The second step, discussed in Chapter II, involved the study of 
cabbage maggot developmental characteristics. Several such studies have 
been done and each identified factors which influenced development. 
The research presented in Chapter II examined the effect of host type 
and larval density on cabbage maggot development. If a thorough know¬ 
ledge of cabbage maggot development can lead to accurate predictions 
of adult emergence, sampling adult populations may be intensified within 
well-defined time periods and reduce overall management costs. 
CHAPTER I 
TRAP ASSESSMENT AND REPRODUCTIVE DEVELOPMENT OF ADULT 
FEMALE CABBAGE MAGGOTS, HYLEMYA BRASSICAE (WIEDEMANN) 
Introduction 
The cabbage maggot, Hylemya brassicae (Wiedemann), is a major pest 
of cruciferous crops in North America and Europe. It has been recorded 
as a pest in Massachusetts since 1930 (Whitcomb, 1944). Insecticides 
applied on a scheduled basis is the primary method of controlling this 
pest. Insecticide control programs of this nature are tenuous, and be¬ 
cause of the economic importance of the cabbage maggot, proper management 
of this insect is essential. Wyman et al. (1977) demonstrated that the 
timing of control strategies for cabbage maggot is of major importance 
by showing that a single well-timed foliar spray was as effective as 21 
weekly applications. This was based upon trapping adult flies using 
sticky stake traps to monitor activity levels. Chapman and Eckenrode 
(1973) also used sticky stake traps to monitor adult population levels, 
with blue and yellow stakes most attractive. Libby et al. (1975) used 
sticky colored stakes and stated they were the most effective trap but 
the flies were more difficult to identify because they were often 
damaged. Eckenrode and Arn (1972) mentioned that the sticky material 
frequently obscured the seta! arrangement making precise identification 
difficult. Other traps have been developed which allow monitoring adult 
flight activity. 
Utilizing information published by Mel lor and Woodman ( 1935) and 
2 
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the findings of Traynier (1965, 1967a, 1967b), Eckenrode and Arn (1972) 
used cone traps baited with the attractant ally! isothiocyanate to 
monitor adult populations. Eckenrode and Chapman (1971b) demonstrated 
that baited cone traps were significantly more effective than unbaited 
traps. 
A management program is now under development for cabbage maggot 
in Massachusetts. To date no information on periods of adult activity 
and damage have been recorded for this state, although Whitcomb (1944) 
did publish data on the first appearance of cabbage maggot eggs over a 
31-year period. This information is of primary importance in develop¬ 
ing appropriate management strategies. 
The objectives of this study were: (1) to monitor adult cabbage 
maggot populations over the growing season using sticky colored stake 
traps and baited cone traps, (2) to determine the most attractive col¬ 
ored stake, (3) to evaluate the state of female reproductive development 
for flies trapped on colored stakes, and (4) to compare baited traps with 
colored stakes. Objective 3 was included because it was noted by Libby 
et al. (1975), that cabbage maggots were attracted to several colors. 
They hypothesized that this was due to flies responding to two stimuli, 
eliciting feeding and oviposition, but did not test this. Use (1937) 
noted this phenomenon with adult Pieris brassicae L. Adults seeking 
food responded to red, yellow, blue, and violet while gravid females were 
specifically attracted to green. If this relationship existed for the 
cabbage maggot, it would be possible to selectively monitor gravid females. 
Trap catches indicating relative abundance of gravid females would be a 
4 
better indicator of when to apply control measures, as opposed to de¬ 
tecting relative abundance of the adult fly in general. 
Materials and Methods 
This study was conducted in part at the Chang Farm, a commercial 
vegetable farm in Whately, Massachusetts. The farm was ca. 25 ha, 
much of which was planted to cruciferous vegetables for fresh market 
from 1978 to 1981. During 1981, studies were also conducted at the 
UMASS experimental farms in Sunderland and South Deerfield, MA. The 
Sunderland and South Deerfield sites were ca. 1 and 3 km. respectively 
away from the Whately site. All three sites were within 1000 m of the 
Connecticut River. 
Baited Cone Traps 1979. On April 18, 1979, nine baited cone traps 
(Eckenrode and Chapman 1971b, 1972) were placed in the field. Traps were 
either positioned in or around newly seeded beds of crucifers or in 
beds planted to crucifers the previous year. Some of this land had 
not been plowed and still contained crop debris (e.g., Chinese cab¬ 
bage, Brassica chinensis L. and daikon radish, Rhaphanus sativus L.) 
A glass vial containing the attractant ally! isothiocyanate (AITC) 
(Eckenrode and Arn, 1972), was placed under each trap and served as the 
bait. A small hole (diameter ca. 0.15 cm) in the plastic cap of the 
vial allowed release of the chemical. Vials were replenished as 
necessary. Traps were checked daily after April 18 until flies were 
first trapped. Following this, traps were checked three times per week 
from April 30 through mid-September. All flies were taken to the 
laboratory where they were counted and separated by sex. Identifica¬ 
tion was made with the aid of a key constructed by Brooks (1951). 
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Sticky Colored Stake Traps 1979. Sticky colored stake traps were made 
from 25 cm x 2 cm wooden garden stakes. The top 2.5 cm of the stake 
was painted black, as black was shown by Kring (1968) to be least at¬ 
tractive to Hylemya spp. A 15 cm portion of the stake was painted one 
TM 
of six test colors. The following Rustoleum paints were used: yellow 
(659), federal safety yellow (944), white (2766), lime green (250), 
blue and black (634). Tangletrap™, diluted 1:2 in paint thinner, was 
brushed on the colored portion of the stake. The black area was not 
coated with Tangletrap which facilitated handling. In addition to the 
colored stakes, clear acrylic stakes (25 cm x 2 cm) were used. A 
Shimadzu Spectronic Spectrophotometer 210 UV with a UV200 integrated 
sphere attachment was used to measure reflectance spectra for each 
treatment. Magnesium oxide was used as the reference standard. 
Stakes were placed in a field adjacent to beds of the crucifers, 
bok choy (Brassica chinensis L.), Chinese cabbage, and daikon radish 
on each of eight trapping dates for 24 hour periods. These traps were 
ca. 180 m from the nearest cone trap until June 27, after which they 
were ca. 50 m from the nearest cone trap. Within each block there were 
4 rows with each treatment randomly represented once within each row. 
Stakes were 1 m apart within blocks. Each block was replicated 4 times 
with 6 m between blocks. At the end of each sample period the stakes 
were brought to the laboratory where adult cabbage maggots were counted 
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and separated by sex. Female flies from both the colored stake samples 
and the baited cone trap samples were embedded in wax leaving the ab¬ 
domens exposed. They were covered with Belar's solution (Ferro and 
Akre, 1975), and dissected to assess the level of reproductive develop¬ 
ment. A rating scale devised by Hawkes (1975) was used as a basis for 
sorting female flies into reproductive developmental age classes (Table 
1). The number of flies trapped using colored stakes and baited cone 
traps were submitted to analysis of variance and Duncan's multiple 
range test. A chi-square test was used to analyze the relationship 
between trap color and the degree of female reproductive development. 
c 
Cabbage Maggot Trapping 1981. On April 11, two, three and four baited 
cone traps were placed at the South Deerfield, Whately, and Sunderland 
sites respectively. Traps were positioned outside the periphery of 
cruciferous beds to reduce competition between the host crop and the 
baited traps. Traps were checked daily until April 29, when the first 
cabbage maggots were trapped, after which time traps were checked 
weekly through the first week of September. 
As federal safety yellow was shown in 1979 to be the most attrac¬ 
tive color, 6 federal safety yellow stakes were placed in and around 
cruciferous plantings at each trapping site for 24 hour periods during 
weeks 7, 9, 12-15, and 17-18 after first emergence. The results of the 
two traps were compared among the 3 study sites. 
Results and Discussion 
Baited Cone Traps 1979. Adult cabbage maggots were first trapped on 
TABLE 1 
STAGE OF REPRODUCTIVE DEVELOPMENT OF TRAPPED 
ADULT FEMALE CABBAGE MAGGOTS BASED ON THE DEGREE OF OVARIAN 
development"! 
Stage Degree of Ovarian Development 
I Oocytes without yolk 
II Oocytes less than 1/3 full of yolk 
III Oocytes 1/3 to 3/4 full of yolk 
IV Oocytes 3/4 or more full of yolk 
V Oocytes having a sculptured chorion (gravid) 
^After Hawkes (1975). 
8 
April 30. At this time apple trees in the area were at the pink bud 
to tight cluster stage. Whitcomb (1944) noted that the average first 
appearance of eggs in the field corresponded with the average full pink 
bud stage of McIntosh apple blossoms in Massachusetts. Figure 1 shows 
the total number of male and female flies trapped per week for nine 
baited cone traps and 8 sticky stake trapping periods. For cone trap 
samples a significant depression in adult numbers occurred approximately 
four weeks after the initiation of adult activity, which corresponded 
to 6 days of rain. Peak activity was detected about the 6th week, 
followed by a smaller peak at week 12. No substantial trap catches 
occurred for the remainder of the season using baited cone traps. 
Table 2 shows the percentage of female flies captured at each 
stage of reproductive development for eight sampling periods. Due to 
the low numbers of trapped female flies, data after June 19 were not 
included in Table 2. Only flies which were in suitable condition for 
evaluation are represented. Female flies which were dried out, or 
diseased, were used only in the total male-female counts. Approximate¬ 
ly 91% of the flies trapped the first week were at stage III or younger, 
while ca. 8% were at stage IV. Approximately 38% of the females 
trapped on May 7 were gravid. If female flies first trapped on April 30 
was a true indication of first emergence, ovipositional activity began 
approximately one week later. This was based upon the work of Swailes 
(1961), who determined that the preoviposition period was 6 days at 
18.9-22.2 C and Finch and Coaker (1969), who found that under laboratory 
conditions, females commenced oviposition 5-6 days following emergence 
9 
Fig. 1. Total number of adult male and female cabbage maggots 
trapped per week in baited cones (calendar dates indicate middle of 
trapping week) and per sample period for colored stakes, Whately, MA 
1979. 
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TABLE 2 
PERCENTAGE OF FEMALE CABBAGE MAGGOTS IN BAITED 
CONE TRAP SAMPLES AT EACH STAGE OF REPRODUCTIVE DEVELOPMENT 
Sample Reproductive Age Class 
Date N I II III IV V 
April 30 24 25.0 29.2 37.5 8.3 0.0 
May 7 32 18.8 12.5 21.9 9.4 37.5 
May 14 97 8.2 11.3 40.2 18.8 34.0 
May 21 58 6.9 13.8 29.3 5.2 44.8 
May 29 88 18.2 9.1 11.4 2.3 59.1 
June 4 159 10.7 25.2 18.9 11.3 34.0 
June 11 173 9.8 24.3 9.8 10.4 £5.7 
June 19 11 0.0 0.0 18.2 0.0 81.8 
12 
between 15 and 21°C. At least 1/3 of the females trapped from May 7 
on were gravid, and ca. 82% were gravid by June 19. 
The number of male and female flies trapped each week using 
baited cone traps were approximately equal (Fig. 1). This agrees with 
the trapping data of Eckenrode and Arn (1972) and Vincent and Stewart 
(1981). Both of these studies used baited cone traps. It has been 
established that the volatile breakdown products of mustard oils, one 
of which is AITC, attract and orient the female flies to host crops for 
oviposition (Hawkes et al., 1978). This posed the question of why the 
baited cone traps were equally attractive to male flies and non-gravid 
females. To explain the 1:1 sex ratio Eckenrode and Arn (1972) proposed 
that either the males followed the females into the field, or the vola¬ 
tile breakdown products of the mustard oils emanating from the host 
plant serve as ovipositional attractants as well as stimuli by which the 
sexes can be brought together for mating. The presence of a food source 
in the field, utilized by both sexes, is still another possible explana¬ 
tion for the 1:1 sex ratio in trap catches. In a study on the closely 
related onion maggot, Hylemya anti qua (Meig.), Dindonis and Miller 
(1980) used cone traps baited with n-dipropyl disulfide. The sex ratio 
in trap catches was also 1:1. They proposed that in addition to an 
oviposition site, onions may be a food source and also serve as a mating 
site. 
The 1:1 sex ratio and variability in female reproductive states 
in baited cone trap samples differed from Hawkes (1975) findings based 
on yellow water pan trap catches, that only nulliparous/gravid/mated 
13 
females were attracted into a brassica crop. He concluded that host 
location was the only adaptive significance of the attraction of females 
to the crop. Hawkes (1972) stated mating probably occurred outside of 
the field at hedgerows. This was based on the observations of Swailes 
(1961) that mating occurred in the morning, under laboratory conditions, 
and Hawkes (1972) findings that females moved into the field during the 
early afternoon to oviposit. In the present study, mating was not ob¬ 
served in the field. 
It is quite possible that the major differences between the re¬ 
sults of Hawkes (1975) and the present study were due to the different 
trapping techniques employed. Comparing results from the present study 
and those of Hawkes (1975) with those of Wallbank and Wheatley (1979) 
may provide an explanation for the differences. Wallbank and Wheatley 
(1979) placed water pan traps in a cabbage field 25 cm above the ground. 
Traps were either unbaited, as in Hawkes (1975) study or baited with 
AITC. Although four to ten times more females than males were trapped, 
the baited pans trapped ten times more males than unbaited traps in¬ 
dicating that male flies were attracted to AITC. Laboratory tests 
(Wallbank and Wheatley, 1979) demonstrated that males moved upwind in 
response to low levels to AITC but were repelled or inactive in the 
presence of high levels of AITC. 
The behavior of males and non-gravid females elicited in response 
to host plant stimuli needs to be examined in the field. This informa¬ 
tion would be quite valuable from a practical aspect as it would aid in 
the biological interpretation of samples from different trapping techniques. 
14 
Sticky Colored Stakes 1979. Tables 3 and 4 show the colored sticky 
stake catches for adult male and female cabbage maggots respectively, 
for 6-24 hour sample periods. Treatment (colored stakes) means were 
compared using each sample period as a replicate. White and federal 
safety yellow colored traps caught the greatest number of male flies. 
There was no significant difference between these trap colors. The next 
best trap colors were 659 yellow and blue, which statistically were no 
better than lime green and clear acrylic, but less effective than white. 
Lime green, clear acrylic and black were the least attractive colors. 
Federal safety yellow and 659 yellow colored traps caught the 
greatest number of female flies and were not significantly different 
from each other. There was no difference between 659 yellow and lime 
green, while lime green and white were equally as attractive. White, 
blue, clear acrylic and black, were not as attractive as federal safety 
yellow, 659 yellow and lime green. 
There was a distinct difference in the sequence of colors being 
most attractive for male and female flies. The two most attractive 
colors for males were white and federal safety yellow, while for female 
flies it was federal safety yellow and 659 yellow. It is difficult to 
explain this behavioral difference between sexes and within sexes based 
on spectral sensitivity. The colors most attractive to male flies 
appeared to have been those having a high percentage reflectance at 
wavelengths of 515-540 nm, while for female flies it was 540-560 nm 
(Fig. 2). 
CO
LO
RE
D 
ST
AK
E 
TR
AP
 
CA
TC
HE
S 
OF
 
AD
UL
T 
M
AL
E 
CA
BB
AG
E 
M
AG
GO
TS
, 
19
79
. 
15 
QJ OJ QJ 
XJ XJ XI 
u O o o o 
-Q _Q XI 1— 
03 03 
O 00 LO CM LO CM CM CD 
• • • • • • • X 
LO cn r— CO oo (- LO 4-> 
CO CM CM 1— r— f— 
CO 
C\J 
CTT 
CM 
CM 
CM 
CO 
CO 
CO CO CO o CM CO 
cn oo co cn 
LO CM CM CTi 
CO CO 
co CO co 
co 
CO 
o 
I''-. 
co 
LO 
LO 
cn 
+-> 
ra 
qj S- 
o> 
x? 
+-> 
c 
03 
cj 
•I— 
4— 
•f— £Z 
CD 
•i— 
CO 
<V 
S- 
03 
S- 
qj 
0J 
QJ 
E (o 
CO 
O) 
x 
+-> 
-O 
OJ 
c 
03 
CO I 
LO 
CO 
«sf 
CO 
CO 
cn 
o 
co 
CM 
'd' CM CO CO 
>7 
+-> 3 
+-> QJ O 
C 4— i— 
QJ 03 i— 
E oo 3 QJ 
-M QJ O >- 
03 +-> • r— QJ 
OJ •r— XI r— or 33 
S_ X QJ QJ LO r— 
(— 3: Lu >- co CQ 
O 
fO 
QJ 
C c 
CD • 1— 
QJ 
S- u LO 
CD •r— QJ 
S- r- =3 
QJ 03 >> CJ ,— 
E OJ S- 03 II 03 
•r— 1— o r— > 
o <c CQ C 
le
ve
l 
a
c
c
o
rd
in
g 
to
 
D
un
ca
n'
s 
M
RT
 
ST
IC
KY
 
CO
LO
RE
D 
ST
AK
E 
TR
AP
 
CA
TC
HE
S 
OF
 
AD
UL
T 
FE
M
AL
E 
CA
BB
AG
E 
M
AG
GO
TS
, 
19
79
. 
16 
-a -a -a XJ 
a u o ^5 
jQ _Q O 
fCJ n3 
O CO CO LO CO CO 00 
• • • • • • • CD 
o CO f— r— r"» LO JZ 
LO <'3- CO CXI 1— +-> 
CO r- VO 00 CO LO 
^ ^ CXI 
LO r— !''■» i— r— VO 
CXI <M CXI CXI i— 
CD LO 
CO 
«Nt" CO VO CXI CXI 
r"» i— r^> lo lo lo cxi 
LO vo CXI i— i— 
lo cxi cxj vo vo co co 
O LO I— LO CO I— 
CT) CO VO LO CXI CXI 
O) 
M— 
CCS 
oo <D 
c 
cd 
CL> 
S- 
C_D 
2? 
o 
<c 
CXJ 00 
vo 
O >- CD s_ 
• r— CD 4-> CD rd o 
-U I— CO E •i— 3 CD n3 II 
CD CD LO *i— -£Z r— 
Ll. >- vo _1 3: CO O CO c 
00 
*3- 
cd 
E 
fl3 
CO 
cu 
+-> 
-Q CC 
■a 
CD CO 
- 
sz cz 
ro fO 
P— o 
M— c 
zs 
C Q 
E 
Zi o 
r— 4-> 
o 
o co 
-C -I- 
u -a 
ro S- 
CD O 
o 
c o 
•i— (O 
CO i— 
CD CD 
:z > 
r— CD 
ra I— 
17 
Fig. 2. Spectral characteristics for the colored stake 
traps used in 1979 trapping study in Whately, MA. 
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For the female flies the wavelength band most attractive was ap¬ 
proximately the same as green plant foliage. This would indicate that 
these colored stakes acted as foliage mimics, even though the percent¬ 
age reflectance was much greater for these pigments than the plant 
tissue. The equal attractancy of the male flies to blue and lime green 
may have been due to the reflectance of wavelengths in the narrow band 
from 515-540 with the rest of the energy at the lower and higher wave¬ 
lengths eliciting little behavioral response. 
It must be considered that the attraction of the flies may have 
been influenced as much by the intensity of the reflection, or energy, 
within a wavelength band as by the actual wavelength. For example, the 
area under the spectral curve for white is larger than for federal 
safety yellow within the 515-540 nm band, and there is little difference 
in total reflected energy between blue, 659 yellow and lime green. This 
could account for white being most attractive to male flies, followed by 
federal safety yellow, 659 and blue. Kong et al (1980) demonstrated 
that brightness, or the total amount of energy, was a key factor in the 
response of grasshoppers to color. Grasshoppers responded to the brighter 
of two sources of a specific wavelength. Different colors of equivalent 
intensity therefore were used to assess true color preference. 
This same relationship appeared to exist for female flies within 
the 540-460 nm band, except for white. It may have been that the total 
quantity of energy within the 540-560 nm band was too intense for white, 
thus causing a decrease in attractancy. 
20 
As females appeared to be attracted to several colors it was ques¬ 
tioned whether this might be related to their state of reproductive 
maturity. A total of 1,104 females were trapped of which 775 were in 
suitable condition for evaluating reproductive development. A chi- 
square analysis revealed a significant relationship (P 0.05) between 
trap color and stage of reproductive development for only the July 17- 
18 trapping period (Table 5). This may have been due to the low number 
of flies trapped for several of the colors. When the data were rean¬ 
alyzed, excluding values from the colors blue, black, and clear acrylic, 
the relationship of trap color and reproductive development was not sig¬ 
nificant. Therefore, while colors were differentially attractive, each 
color attracted the same relative age distribution of female flies. 
This indicated that when using these colors, any preference for one color 
was not related to the reproductive state of the fly. This negated the 
possibility of selectively monitoring gravid females using different 
colored stakes. Further interpretation of colored stake data is difficult 
as the behavior elicited by visual stimuli has not been extensively 
studied for this insect. 
Baited cone traps and sticky colored stakes were then assessed for 
their overall effectiveness. Figure 1 compares the total number of cab¬ 
bage maggots trapped in baited cone traps with the total number of flies 
trapped for all colored stakes. There was good correlation between the 
two trap types in detecting adult activity of the spring brood. Colored 
stakes appeared to be a better indicator of second generation adult 
activity, however this may have been due to the large number of stakes 
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TABLE 5 
CHI-SQUARE ANALYSIS OF COLORED STAKE TRAP CATCHES AND THE 
STAGE OF FEMALE CABBAGE MAGGOT REPRODUCTIVE DEVELOPMENT 
FOR 7 TRAPPING PERIODS, UHATELY, MA 1979. 
Trapping Period df 
6/5-6 24 
6/13-14 24 
7/7-8 24 
7/11-12 20 
7/17-18 24 
7/24-25 20 
7/31-8/1 12 
2 
Pearson X N 
32.05 n.s. 446 
27.63 n.s. 57 
24.97 n.s. 68 
18.92 n.s. 58 
49.26* 71 
11.99 n.s. 60 
8.79 n.s. 15 
*PZ.0.05. 
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used per sample period (n=112). Poor performance of the baited cone 
traps may have been due to the increased number of mature host plants 
in the field. An increase in the quantity of mustard oil breakdown 
products from cruciferous plants and crop debris in the field may have 
outcompeted the baited cone traps. This is supported by the data of 
Eckenrode and Chapman (1971), where traps located in cabbage plantings 
were more effective during May, July, and August while during September 
more flies were trapped outside the field. This has also been demonstrated 
for the closely related onion maggot. Dindonis and Miller (1980) used 
baited traps and stated that the presence or absence of host plants may 
affect fly response to host chemical stimuli. Loosjes (1976) found that 
chemical attractants for onion maggots were more effective outside of 
onion fields. 
Cabbage Maggot Trapping 1981. Figure 3 shows trapping data for baited 
traps and federal safety yellow stakes at the three study sites. Adult 
cabbage maggots were first trapped on April 29 at the Whately and Sunder¬ 
land sites. Emergence cages at the South Deerfield site indicated that 
flies first emerged on April 28; however, no flies were trapped in baited 
cones until the following week. At the Whately site, peak activity of 
the spring generation was three and six weeks after first emergence. 
Peak activity of the second generation occurred ten and thirteen weeks 
after first emergence. Third generation adults were trapped during 
week 15 and were monitored until week 18. 
During 1979, at the time a second activity period was detected 
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Fig. 3. Mean number of adult cabbage maggots trapped per 
week in baited cones and total number per sample period for federal 
safety yellow sticky stakes at 3 trapping sites, 1981. 
24 
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using baited cone traps, traps were positioned within areas containing 
mature plants or crop debris. For this reason, in 1981, the baited cone 
traps were placed outside the crop areas. This apparently accounted 
for the detection of well-defined second and third generation activity 
periods at the Whately site. Figure 3 also presents the baited cone 
trap data for the Sunderland and South Deerfield sites. At both sites 
there was essentially one broad activity period spanning the first 
twelve weeks. This may have been due to the smaller plot sizes, hence 
population sizes, between these two sites and the Whately site (ca. 0.16 
and 0.02 ha in Sunderland and S. Deerfield respectively). Colored stake 
data for the three sites (Fig. 3), did not show well-defined activity 
periods corresponding to second and third generations. The large number 
of stakes (n=112) per sample period in 1979 may have been a major factor 
in the stakes being as effective as the baited cone traps. 
For a cabbage maggot pest management program, adult activity can 
be monitored effectively using baited cone traps, but consideration must 
be given to trap placement with respect to cruciferous plantings. Baited 
cone traps are quite effective during the growing season when placed 
outside of the field, particularly when the crop is at or near maturity. 
Based on this research it is recommended federal safety yellow colored 
stakes for monitoring adult cabbage maggots, however the number of traps 
or the size and shape of the traps necessary to effectively monitor adult 
activity needs to be determined. A final consideration for the colored 
stake traps is the amount of time that they are left in the field. It 
was noted that flies remaining on the stakes for more than 24 hours were 
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more difficult to precisely identify. If a monitoring program cannot be 
structured around a 24-hour sample period, baited cone traps would be 
a better technique to use. 
CHAPTER II 
CABBAGE MAGGOT DEVELOPMENT ON FOUR 
CRUCIFEROUS HOST PLANTS UNDER LABORATORY CONDITIONS 
Introduction 
The cabbage maggot, Hylemya brassicae (Wiedemann), is an econom¬ 
ically important pest of cruciferous crops. Management of this insect 
is difficult and usually requires the application of chemical insecti¬ 
cides on a scheduled basis. One objective of studying the cabbage mag¬ 
got is to develop a data base to eliminate this scheduled approach of 
control thus replacing it with a few well-timed insecticidal applications. 
This approach is contingent upon the development of accurate predictive 
models of cabbage maggot development and adult emergence. 
Several attempts at developing such models have been based on the 
application of the concept of temperature summation. This approach in¬ 
volves measuring the amount of heat energy needed to complete development. 
The amount of heat energy is usually expressed in terms of day degrees 
(DD) or thermal units (TU), and is calculated from the formula: 
K = y (t - a) 
where "y" is the time required for development in days; "t" is the mean 
daily temperature; "a" is the developmental base temperature; and "K" 
is heat energy in day degrees or thermal units (Strong and Apple 1958). 
This concept has been used to determine the thermal units required 
for a complete generation of cabbage maggot under laboratory conditions 
(Eckenrode and Chapman 1971a). Other applications have involved 
27 
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correlating TU accumulation with the initiation of spring emergence of 
the adult fly and the emergence of subsequent generations (Coaker and 
Wright 1963, Eckenrode and Arn 1972, Eckenrode and Chapman 1972, Libby 
1974, Nair and McEwen 1975, and Wyman et al. 1977). 
Eckenrode and Chapman (1971a) stated that factors such as evapor¬ 
ation, radiant energy, soil type, etc., could cause soil temperature 
to deviate greatly from ambient air temperature. They stressed the 
importance of making precise temperature measurements at the site of 
cabbage maggot development, where micro-environmental factors most 
directly affect the organism. While the previously mentioned factors 
are very important to predictive models, the species of host plant may 
also be of significance. 
Host material has been demonstrated to influence a variety of 
insect developmental characteristics (Barbosa and Capinera 1977, Woodroffe 
and Coombs 1979, and Iheagwam 1981). Finch and Ackley (1977) inocu¬ 
lated 86 species of wild and cultivated crucifers with cabbage maggot 
eggs and found that 44 species could support larval development. Nair 
et al. (1973) studied cabbage maggot oviposition and development in 
cruciferous weeds, determining which weed species were preferred and 
could support larval development. Dambre-Raes (1974) studied cabbage 
maggot development on an artificial diet and rutabaga and found no 
difference in developmental rate on either food source. Swailes (1960) 
studied development on twelve varieties of rutabaga and determined that 
pupanal weights and developmental rates were very similar. However, 
no studies have been conducted to compare the effects of different 
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cultivated host species on cabbage maggot developmental characteristics. 
If predictive models of development and subsequent emergence of 
cabbage maggot adults are to be used in management programs, they may 
need to be fine-tuned to take into account the effects of different 
cultivated host plants upon developmental characteristics. 
Materials and Methods 
Cabbage maggot development - Experiment I. Four cruciferous hosts were 
used in these studies: cabbage (Brassica oleracea L.), radish (Rhaphanus 
sativus L.), turnip (Brassica rapa L.), and rutabaga (Brassica napobrassi- 
ca_Mill.). Host materials were prepared in the following ways. Turnip, 
rutabaga, and cores of cabbage leaves were cut into pieces ca. 55 cm3. 
Individual pieces were then dipped into hot paraffin wax. Waxing these 
plant tissues inhibited desiccation, and maintained the physical prop¬ 
erties of the host tissue. Unwaxed, whole (ca. 10 cm3) radishes were 
used as waxing was found to promote rapid degradation of the tissue. 
Insect density has been demonstrated to affect developmental 
characteristics (Park et al. 1939, McFarlane 1962, Cohen 1968, Iwao 
1968), therefore this factor was controlled. For comparison, single 
and multiple densities of cabbage maggot larvae were used in this study. 
Larval densities of one and 15 were used for cabbage, rutabaga, 
and turnip. Densities of one and 5 were used in the radish tissue be¬ 
cause of their smaller volume. Densities are hereafter referred to as 
either single inoculated host (SIH) or multiple inoculated host (MIH). 
Each piece of tissue was inoculated with eggs by inserting them into a 
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small incision made in the tissue. All eggs were less than 24 h old. 
Adults reared from field collected pupae and an generation laboratory 
culture were used as sources for eggs. Flies were held in a rearing 
room at 20°C-2 with a 16:8 photoperiod and were fed water, sucrose and 
yeast hydrolysate. The larval diet of the laboratory culture was ruta¬ 
baga. Inoculated pieces of host tissue were placed in 480 ml paper 
containers on a 2.5 cm layer of sand. All containers were kept in a 
rearing room at 20°C-2 with a 16:8 photoperiod. 
SIH was sampled on days 7, 13, and 15 following inoculation. 
MIH was sampled 8, 12 and 14 days following inoculation. For each 
sample, tissue was dissected and thoroughly examined for cabbage mag¬ 
gots. The soil was examined for pupae. Larval instars were determined 
with the use of a key devised by Brooks (1951). 
Sampling host tissue was necessarily destructive, therefore it 
was not possible to examine continuous development of an individual 
cohort of larvae. Also, it was found at times that several life stages 
were present. As a basis for comparing cabbage maggot development among 
the four hosts then, a mean developmental index was calculated. To 
calculate the mean developmental index, seven life stages of the cabbage 
maggot were first defined and assigned numerical ratings (i), where 1 = 
1st instar, 1.5 = 1st to 2nd instar, 2 = 2nd instar, 2.5 = 2nd to 3rd 
instar, 3 = 3rd instar, 4 = pupa, and 5 = adult. The index was then 
calculated as: 
Mean Dev. Index = l(- 
total # at stage i 
total # in sample 
x 100) (rating i) n 
i=l 
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For example, if a sample contained 10 larvae of which all 10 
were third instars (i.e. 100% at stage 3), the mean developmental index 
would be equal to (100x3)/7 or 42.8. This transformation allowed for 
comparison of age distributions more easily than employing the use of 
extensive histograms depicting life stage data. The mean developmental 
index was plotted as a function of time to compare cabbage maggot devel¬ 
opment on each host for SIH and MIH. 
Cabbage maggot development - Experiment II. In the previous experiment, 
declining quality of the host tissue, due to disease or desiccation, 
and pupal mortality, due to the dry sand in each container, did not 
permit following development of cabbage maggot from egg to adult. A 
second study was initiated to examine this. Methodology was basically 
the same as that in the previous experiment, however, in this study 
only MIH was used and the egg source was an Fg generation laboratory 
culture. Sandy loam was used in the 480 ml paper containers. Host 
tissue was sampled on days 6, 10, 14, 18, and 26 following inoculation. 
Pupae recovered from each sample were placed individually in 30 ml 
plastic cups on moist vermiculite and checked daily for emergence. 
Cabbage maggot pupal length. Pupal weight has frequently been used as 
a criterion for assessing development in a variety of insects. Examples 
include gypsy moth (Leonard 1968, Barbosa and Capinera 1977), the tachnid, 
Eucelatoria sp. (Ziser et al. 1977), and olive fruit fly (Manoukas 1977). 
Finch and Ackley (1977) used pupal weight as a basis for comparing 
overall cabbage maggot development on a variety of cruciferous hosts. 
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Preliminary laboratory experiments in the present study demonstrated 
that pupae (z.24 h old) decreased in weight up to 50% over a 3 day 
period. Therefore, it did not appear that pupal weight was a reliable 
characteristic for this study. Instead, pupal length was used as a 
criterion for assessing development. Pupal length data from experiment 
I were submitted to analysis of variance and Duncan's multiple range 
test. Data from experiment II were analyzed in more detail, comparing 
pupal length by host as well as by sex. 
Results and Discussion 
Cabbage maggot development - Experiment I. There were no significant 
differences (PZ.0.05) between the mean developmental indices for wild 
or laboratory cultures, therefore the data were pooled. Figure 4 il¬ 
lustrates the results for SIH and MIH. The shapes of the growth curves 
for SIH and MIH were very similar among all hosts. Lines I and II on 
the graph indicate developmental indices where 100% of the cabbage 
maggots sampled would theoretically be 2nd and 3rd instars respectively. 
Data points closer to line II with respect to line I had a higher per¬ 
centage of 3rd instar larvae. Data points above line II indicated that 
pupae were found in the samples. Overall, the graph of these data did 
not reflect any major differences in developmental rate between SIH 
and MIH for the four host species examined. 
During the course of this study it was noted that some of the host 
tissue was infected with bacterial or fungal pathogens. Zurlini and 
Robinson (1978) found that microbiotic conditioning of food material 
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Fig. 4. Cabbage maggot developmental rates for 
lated (SIH) and multiple inoculated (MIH) host tissue 
instar, II = 100% third instar. 
single inocu- 
I = 100% second 
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increased developmental rate of the onion maggot, Hylemya anti qua 
Meig. However, Doane and Chapman (1964) previously demonstrated there 
was no difference in cabbage maggot developmental rate on slowly decaying 
or aseptic rutabaga. Therefore, based on this information it was as¬ 
sumed that the developmental rate of cabbage maggot on the four hosts 
was not significantly affected by some bacterial or fungal infection 
(although based on work with the UMASS laboratory culture, it was ob¬ 
served that few cabbage maggot larvae reached the pupal stage in heavily 
infected tissue). 
With respect to host type, larvae reared on cabbage and radish 
for SIH and MIH pupated sooner than those reared on turnip and ruta¬ 
baga as indicated by the corresponding developmental indices (Fig. 4). 
However, there were no significant differences between developmental 
indices among the hosts on any sample data for either SIH or MIH. For 
these figures, note that a mean developmental index of 42.8 indicated 
100% of the cabbage maggots sampled were third instar larvae. Mathemati¬ 
cally however, if a number of second and third instar larvae plus pupae 
were found, it would still be possible to obtain a mean index of 42.8. 
This would occur if the life stage distribution was symmetrical. In the 
data presented, only the first sample date for both SIH and MIH had 
three different life stages represented. All subsequent sample dates 
had a maximum of two life stages present which resulted in an asymmetrical 
distribution. Due to the asymmetry of the life stage distribution, the 
interpretation of Fig. 1 with respect to pupation time was valid for 
these data sets. 
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Assessment of cabbage maggot development was based on the total 
number of cabbage maggots found at the time of sampling and did not re¬ 
flect observations on survival. For SIH, in particular, a total of 120 
containers were initiated for each host. For radish, cabbage, turnip, and 
rutabaga respectively, 41, 51, 43, and 58 containers were discarded due 
to severe bacterial or fungal infections; 43, 41, 49, and 29 containers 
were evaluated but were found to contain no cabbage maggots. In many of 
these cases there was slight tunneling evident but this was not quantified. 
These "blanks" accounted for approximately 50% of the total number of con¬ 
tainers evaluated. 
It was questioned whether the high mortality observed for single 
larvae was real or an artifact due to the relatively low numbers observed. 
The data of Finch and Coaker (1969) lend support to the hypothesis that 
single larvae are subject to high mortality. An optimum cabbage maggot 
larval density existed where pupal yield, in terms of weight and number, 
was maximized; an excess food supply resulted in lower pupal yields. 
Although they did not define the term excess, the data indicated that as 
fewer larvae fed per unit of food resource, there was a decrease in suc¬ 
cessful development to the pupal stage. 
The precise reasons for the observed low survival of single cab¬ 
bage maggot larvae in the present study are not known. It is possible 
that single cabbage maggot larvae have low success at tunneling into and 
feeding on host tissue. This was previously alluded to by Swailes 
(1959, 1960) who noted that the degree of resistance in rutabaga 
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to cabbage maggot feeding was related to: (1) the ability of the larvae 
to initiate feeding and (2) plant factors affecting larval growth. 
It has been observed in the field that cabbage maggot eggs can 
usually be found in clusters at the base of the host plant (Miles 
1951 , 1954). At 20°C and under moist conditions, newly hatched cabbage 
maggot larvae may survive 48 hours without food (Swailes 1963). 
Hatching of eggs in a concentrated area within a short time interval 
may facilitate larval entry and feeding in the root cortex,, thus en¬ 
suring survival. In a cabbage maggot life table study, Mukerji (1971) 
noted that "mis-adventure" of the first instars was a major factor in 
overall generation mortality. The low survival of isolated first in¬ 
stars due to low feeding success is an important consideration when 
interpreting life table data. 
Cabbage maggot development - Experiment II. Figure 5 represents the 
data for egg to adult development. Significant differences (PZ0.05) 
between the mean developmental indices occurred only on day 10, indicat¬ 
ing growth rates of cabbage maggot were again very similar when reared 
on the four host tissues. Though not statistically significant, larvae 
reared on cabbage, radish, and turnip pupated sooner than larvae reared 
on rutabaga as interpreted by the higher developmental indices. Figure 2 
showed that most cabbage maggots pupated between 18 and 26 days following 
inoculation, which agreed with the results of Harris and Svec (1966) 
for cabbage maggot development on rutabaga between 18.8 and 22.2°C 
and Eckenrode and Chapman (1971b) for development on turnip at 20°C. 
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The slight difference in developmental time to the pupal stage 
was also reflected in the emergence pattern of adult flies (Fig. 6). 
Adults from larvae reared on cabbage, radish, and turnip began emerging 
on day 31. Peak emergence for cabbage was on day 32 followed by radish 
and turnip on day 36. Adults from larvae reared on rutabaga began 
emerging on day 34 and peaked on day 38. The overall emergence period 
for adults from the four hosts lasted 12 days. Adults which emerged 
from larvae reared on turnip spanned all 12 days. The sex ratio was 
1:2 (female: male), except for turnip where the ratio was 1:1. The 
slight lag time in emergence due to these different hosts may not be as 
significant as other factors such as soil temperature, soil type, and 
moisture. 
The developmental rates and emergence times presented, agreed 
with the findings of Eckenrode and Chapman (1971b) for development of 
cabbage maggot on turnip. Using a developmental threshold of 6.1°C, 
they calculated it took 857.6 day degrees for development from egg to 
50% adult emergence. Using data from the present study for cabbage 
maggot development on turnip, and a developmental threshold of 6.1°C, 
50% emergence took 875-900 day degrees. This is equivalent to an actual 
time difference of 0.7 to 1.7 days at 20°C between these data and those 
of Eckenrode and Chapman (1971b). This similarity also existed for the 
developmental times determined for cabbage and radish. The adult emer¬ 
gence curves for the hosts cabbage, radish, and turnip had basically the 
same bimodal shape and differed only in amplitude (Fig. 6). This pattern 
was due in part to the fact that males began emerging before females. 
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Fig. 6. Daily emergence of adult cabbage maggots reared on 
four cruciferous hosts. 
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Thermal unit accumulation to 50% emergence for adults from rutabaga 
lagged 75 to 125 day degrees, or 3 to 5 days behind that of the other 
hosts. 
Adult emergence as a percentage of the total number of pupae re¬ 
covered was calculated for each host type (Table 6). These values 
ranged from a high of 72.4% for turnip, to a low of 29.1% for radish. 
Turnip and cabbage were better hosts in terms of pupal survival. The 
results for radish may be a reflection of the more rapid decomposition 
of the tissue and the smaller pupae which resulted. 
For each host a total of 600 eggs were used for inoculations. 
Based upon this and adult emergence data, percentage survival from egg 
to adult was calculated. Survivorship was greatest for cabbage maggots 
reared on cabbage with 60.8% followed by 56.7% for turnip, 25% for ruta¬ 
baga, and a low of 6.7% for radish (Table 7). It appeared that cabbage 
and turnip were better hosts in terms of overall survivorship (Table 7) 
and pupal viability (Table 6), while the developmental rates for cabbage 
maggot on cabbage and turnip were as great or greater than radish and 
rutabaga respectively. 
Cabbage maggot pupal length. Analysis of variance and Duncan's multiple 
range test showed that pupae resulting from larvae reared on rutabaga 
and turnip were significantly longer than pupae from other hosts (Table 
8), with no difference between the two (Data from Experiments I and II). 
The next longest pupae were those from cabbage followed by radish. 
Pupae from cabbage were significantly longer (P^.0.05) than those from 
radish. When these data was separated by density (Table 9), the 
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TABLE 6 
PERCENTAGE OF ADULTS EMERGING FROM CABBAGE 
MAGGOT PUPAE REARED FROM FOUR CRUCIFEROUS HOST PLANTS. 
HOST 
Cabbage Radish Turnip Rutabaga 
7o Adult 
Emergence 70.1 29.1 72.4 58.8 
N = 127 105 55 51 
TABLE 7 
PERCENTAGE SURVIVAL OF 
FROM EGG TO 
CABBAGE MAGGOTS 
ADULT. 
HOST 
Cabbage Radish Turnip Rutabaga 
% survival 60.8 6.7 56.7 25.0 
No. eggs 
inoculated/host 600 600 600 600 
45 
TABLE 8 
MEAN PUPAL LENGTH OF CABBAGE MAGGOTS REARED 
ON FOUR CRUCIFEROUS HOSTS.1 
HOST Mean Pupal Length (mm) N 
Turnip 6.31 a 141 
Rutabaga 6.30 a 80 
Cabbage 5.98 b 150 
Radish 5.06 c 62 
^Values flanked by 
at the 5% level 
the same 
according 
letter are not significantly 
to Duncan's MRT. 
different 
TABLE 9 
MEAN CABBAGE MAGGOT PUPAL LENGTHS 1 BY HOST AND DENSITY. 1 
Mean Pupal Length (mm) 
Single Inoculation Multiple Inoculation 
HOST (SIH) N (MIH) N 
Turnip 6.16 a 36 6.36 a 105 
Rutabaga 6.27 a 32 6.32 a 48 
Cabbage 5.79 b 37 6.05 b 113 
Radish 5.26 c 22 4.92 c 40 
V?lu^each column flanked by the same letter are not significant¬ 
ly different at the 5% level according to Duncan's MRT. 
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differences were found to be the same as those shown in Table 8. Larvae 
reared on rutabaga and turnip produced the longest pupae for each of the 
two densities. It was also observed for each host, except radish, that 
pupae were longer from MIH than pupae from SIH (Table 9). The response 
in many cases for cyclorrhaphous Diptera at higher densities is one of 
decreased size (Sullivan and Sokal 1963). Again, results from the pre¬ 
sent study may be due to the consequences of comparing larvae reared 
in isolation versus a group of larvae. 
Pupal length may serve as a useful criterion for separating the 
sexes. Except for larvae reared on radish, female pupae were signifi¬ 
cantly longer (P^-0.05) than male pupae (Table 10). Frequency dis¬ 
tributions of male and female pupal lengths were constructed for each 
host (Figure 7) and with the exception of radish, clearly reflected 
that female pupae were longer but- the overlap between the distributions 
for males and females would make absolute separation of sexes difficult. 
For a large number of pupae reared on a particular host, however, a 
number of them could be separated by taking a fraction of the shortest 
pupae and a fraction of the longest. Similarly, Remund and Boiler (1976) 
were able to accomplish this on the basis of pupal width for Rhagoletis 
cerasi. 
Conclusions 
The data presented did not indicate any significant differences 
in cabbage maggot developmental rates for the four hosts examined, 
although a lag time of 3 to 5 days to 50% adul t emergence was noted for 
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TABLE 10 
MALE AND FEMALE PUPAL LENGTHS BY HOST.1 
SEX 
Mean Pupal Length (mm) 
Radish Cabbage Turnip Rutabaga 
Female 4.99 a 6.36 a 6.63 a 6.67 a 
N = 5 31 38 10 
Male 5.13 a 5.90 b 6.23 b 6.26 b 
N = 11 58 38 20 
Values in each column flanked by the same letter are not signifi¬ 
cantly different at the 5% level according to Duncan's MRT. 
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Fig. 7. Frequency distributions of male and female cabbage 
maggot pupal lengths separated by host. 
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rutabaga. It may be possible to take this into account in the 
development of a predictive model of cabbage maggot emergence. However, 
this needs to be examined under field conditions. 
There was high mortality for larvae reared singly. This may pro¬ 
vide further evidence that gregarious feeding is beneficial to individual 
survival. The number of cabbage maggots completing development from egg 
to adult was greatest on cabbage and turnip followed by rutabaga with 
survivorship lowest on radish. 
If the differences in pupal length by host and by sex are indica¬ 
tive of the field situation, these results may be useful in assessing 
the size and relative fecundity of potential adult field populations. 
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